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THE SKLLCTION OF COMPUTED DISCHARGES IN PLAKNING SMALL GES%

Engineer G. Ne Petrov

Deternining the computed discharges in planning small GES

is both a tuchnical and an economical problem, However, on the
basis of the computation, the discharge of & definite amount of

water is adopted. This amount is ascertained on the basis of

ccononic and technical requirements for a yuaranteed su vly of

electric powers In accordance with the instructions of Glaveel'-

elektro, for kolkhoz aES a discharsze of 50 percent is adopted, if

there is a fuel reserve or the NES works in a common electric

power System. i discharge of 75 percent is adopted when the GES

works alone. It is considered that in order to make a proper
selection of a discharge of a given amount, it is necessary to

conduct obscrvations over a period of not less than 5 - 10 years ==

the more the better — on the level of each small GES, according to

N. V. Mastitskiy (2), or on a level which can be used analogously,

as adopted by De Lo Sokolovekiy (6). The statistical method of

processing hydrometric materials which 1s now widely used in the

practice of hydrological engineering computations proceeds from
an erroneous premise concerning the genetic uniformity of all

measured discharges of water, the fluctuation of which is subject

only to the law of normal distribution. On this basis, the num-

erical characteristics of hydrological phenomena are looked upon

as being independent, accidental and changeable, while the crea-

tive work of the hydrologist in showing the interdependence of

natural phenomena which make up the water cycle is replaced with
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the mechanical selection of parameters for statistical distri-

bution curveses Parameters are such abstract quantities as: the

mporm" of flow and coefficients of variation and asymmetry. As a

result of the usual short-term hydrometric observations which are

made on small rivers, the norm of flow is determined by 1ts corre=

lative dependencies on ne teorological elements or by artificially

extending many observations made at other stations. The adoption

of these methods often results in serious nistakes in determining

the norm of flow because the fluctuation in the discharyge is

taken on the basis o/ observationg of another station and other

factors.

The influence of p hysico-geogr‘aphical conditions on the

formation of the flow is considered constant in tire; trerefore,

it is studied by statistical parameters. On the basis of this,

it is considered possible to use hydrolos:ical indexes obtained fram

observations in the past for water economy computations when

planning construction works for the future.

OQur investigations for determining the power resources of

small rivers in Tatar ASSR show conclusively that under eonditions

of external objectivity statistical methods of handling hydrometric

observations lead to serious mistakes in planning. Actually, the

amount of the discharze of water provided at a siven percentage of

_volume allows us to ascertain how long such a discharge will con-

tinue over a certain period of time. Economically, this amount of

discharge is a fiction, since it can refer to completely different

periods of the year, dependingon how much water there was during

Declassified -
in Part - Sanitized Copy Approved for Release 2012/04/11 : CIA-RDP82-00039R000200030019-7




Declassified | . - .
ssified in Part - Sanitized Copy Approved for Release 2012/04/11 : CIA-RDP82-00039R000200030019-7

w the year or 1ts seasons, and the conditions under which the spring
floods and rain floods formed. For econo ic=hydrological reasons,
{ it is expedient to take the A gust and January mean discharges as
basic discharges in planning small CLS. The water=-supply capacity
i ‘ of the rivers is close to the minimum during these months: on the
| other hand the electric power requirements for agriculture are
i clearly tixed.
In August the 1mass gathering of the harvest hegins; there-
; fore the electric power requirenents for processing asricultural °

products (grinding, threshing, siloing) reaches a maximum. The

maximm 1lluminating and small-motors 1oad peak on the kolkhozes falls

in January.

§ Information can be oblained at the existing small GES and
watermills on the water-sup lying capacity of the river for those
months, which zre economicaily characteristic, by the met od of
hydrological pho tography (3), which will give the rean magnitudes

of water discharge(l).

The above-mentioned considerations cause us to reject de-
termining the computed discharges on the basis of the discharge of
a given amount to be provided, which is computed from the annual
i cycles of observations. It will be more correct to determine the

discharges of water on the basis of observations forwonths or

seasons which are economically characteristic.

It is believed that more prolonged observations must be

made possible in order to get the most reliable data. In cases
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where the series are notlong enough, they must include approxi=-

mately the same number of wet and dry years; this should provide for

a more correct determination of the mean computed discharges of

water. "he fallacy in the point of view which ignores the teachings

of V. Re Viltyams (1) on the water cycle of the country is confirmed
; by exauples from the small rivers of Tatar ASSR. Regular, mass hy- :
drometrical observations were begun on these rivers in 1931 and are

continuing at present.

Tt has been ascertained that the water-suppiying capacity of

ali the small rivers during tiese years changed sharply in the

g i dsumer [mezhennyyl period (winter and SuNIer) . ‘
|

} The period from 1932 through 1940 inclusively is charac-
i
‘ terized by a progressive decrease in the water-supplying capacity

during midsumner; the minimum was in 1939 = 19L0.

The period from spring of 1941 to the present has been

marked by a high water supply.

The data in figures land 2 and Table 1 give a good il-
lustration of the nature of the water supply by periods. They show
that the water supply of different rivers changed to a different
degree. While the change is not great for the Kozanka River, it is ;
| very great for the Sviyaga, Ik, and Bol'shoy Cheremshan rivers. The i
correct choice of therean discharge will have a definite effect on
the economic use of the rivers, since the difference between dis-

charges is up to 300 percent and more.
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To decide the question of what magnitudes of water discharge
should be taken for water economy computations, it is necessary to
find out what factors caused so great a crange in the water=sup=

plying capacity.
There was a general decrease in water supply in 1933 = 19kl

Many lakes dried up in the '30's. In the basin of the Ik
River, the level of Lake Kordry-Kul' fell considerably (Fig 2)
The s1ore reygions of its dry bed were used as vegetable gardens
in 1939 - 19L0. Lake Belolebyazhye in the basin of the Sviyaga
River dried up completely. Lts bed was plowed and used for relo=-

cating shore villazes, since the viilage wells ran dry.

[See Table 1, next pagel

In spring of 1941 the level of the lakes began to rise.
According to information from local old-timers and as can be
seen from the disposition of shore structures and the position
of the water table with respect to the shore slopes, Lake Belo-
lebyazh'ye reached its tormal" level in 19L9. Lake Kondry-Ku'l

had not reached this level in 19L8.

In many instances we have evidence that the level of the
water in the wells rose 1.5 - 3.0 meters higher than in the pre-
war years. This is also confirmed by data on the level of the
water in the hole (Fig 2 and Table 2) located at the watershed and

having no connection with variations in river waters.

i —————
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TABLE 1 |
MEAN MONTHLY DISCHARGES OF WATER IN GUEIC METERS FER SECOND LY SMaLL RIVERS ¥OK DIFFERENT FPrRIODS «T MAIN WATER- é
]
Mo ASURING STATIONS .
|
1
i Period |
i 1933 - 1948 1933 - 1910 _loud - 19t . i
i
River and Station August January August January AUZUST January
- ]
' |
Bol'shoy Cheremshan, f
i
Melekess Station 6.30L - 2.98 - 9.70 - s
\
O |
® Sviyaga, Vyrypayevka
f i
|
Station u.73 3.u0 3.18 2.32 6.29 o6l
|
Kazanka, Bol'shoy ’
Derbyshki Station Lya3l 3.51 4.03 3.11 L.70 3.98 ?
i
Ik, Nogaybak Station 17.C0 12.00 9.8 g.60 4.5 15.0 "
{
£
Ik, Lake Lebedinoye *
|
Station 13.0 10.1 16.0 6.89 15.5 12.1 .

Declassified in Part - Sanitized Copy Approved for Release 2012/04/11 : CIA-RDP82-00039R000200030019-7



Declassified in Part - Sanitized Copy Approved for Release 2012/04/11 : CIA-RDP82-00039R000200030019-7

\ TABLE 2

VATER T £ HULE FOR 4UGUST |
CEANGE IN THE WATER TABLr, IN THE HC |

Table level in Meters !
Table level 10 ~= ==

v n Me L i Year
Table Level i Meters Year Table bevel in Meters
Year e Le )
2.6 |
2.l 19, ‘!
39 19L3 7 |
19 50.20 S 9 S |
1518 o2 i
' 1940 0.15 19 Sh.C 8 52 |
50.
- o o
oL 72.1
l L 2 .2
: 1.15 9 3 w9
\ 1941 S S
d 1% 2 1950 51.8
9i 6 Pl .6
‘ 1942 51.60 9
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Attempts to establishil correlative con ections between

different meteorological factors and the water=supply of rivers

in the mid-swner period were unsucvessfuls It was pos.ible

to determine only that the discharges of water in the midsummer

period vary with the thickness of the snow covering and thel magni-

tude of the hydro thermic coefficient (rig 2/o This occurred because

the snow covering indicates how deep the soil freezes, and 1s
. erefore an index of its infiltration capacity, while there is
¢ coeificient and the

a good correlation betwezen the hydrothermi

moisture of the soil which serves as an 1nd1.rect criterion of the
v

loss of sround waters through evaporation and transpiration.

pccording to data from supporting meteorological stations

located at points having difterent physico-geogruprcal conditions,

the climatic conditions for the entire territory were alnmost the

same periodjcaliy they changed simultaneously and to a very small

degree (Table 3).
[See Table 3, next pagel

Comparison of tables 1 and 3 leads to the conclusion thab

there is no correspondence petween the change in precipitation,

increasing 25 - 30 percent, and the increase in water supply, which,

for various rivers, changed from 25 to LU percent. This circum=

stance leads us to propose that not only the amount of precipitation

changed, but the conditions of infiltration as well.
Soils, according to V. R. Vil'yams, are the product of cli-

mate, but recent soils are the product of labor. V. R. Viltyams i

i
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N |
|
| TAELE 3 |
|
it
— H
- |
i
|
n a9 i
P d ul of Total Annual
ionthly Temperatures Hydro thermic Thickness
o, donthl; S s y i » A |
s Coefficient for Snow Cover Trecipitations |
3l June and July |
i Besitive _
Negative - ] Q\l- - _ ‘ |
= ToL1- 1933~ 1941- ,L‘}'}'j\ l/?_gue n e |
Do e Vom0 1ou 1uc _ 15ub 150 o |
‘ 19u8 ou 19
’ Station 1940
| & 75 112
v 3 95 96 1uy 7c 5
v ' 96 100 108
g Bugul 'ma i
| 3 80 105 1
63 130 &0 S0 |
100 106 98 |
Ul'yanovsk 97
76 17 103
109 $6 73 13h G &u 7
92 98 ) g

Kazan'

]
4
|
;;
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|
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up the pores between the clods of soils When plowed to the sur=-
face tiis humus impeded the infiltration of thaw water, Under the
action of the natural soilfformation process and, chiefly, because
of the correct and complete use of agrotechnical reasures by the

kolkhozes, the structure of the soils gradually improved.
Tn 1941 a new factor was added ~-- favorable’meteorological
w . .
conditions, which influenced the gater supply to rivers 1n ‘the
ridsumrer period. The increase in the water supply to rivers
cannot be explained only by the change in weteorolo:ical con=

ditions, because the discharpes of the rivers incressed 200 - 600

percent while the precipitation increased only 30 - LO percents

In the period from 1641 - L8 the midswmmer discharges had
rather stable, high waters, which were promoted by an increase in
the thickness of the snow cover (70 - 80 percent of norm) and a
decreaved loss through transpiration and evaporation, thanks to
the increase in size of the hydrotheimic coefficient in the

sumner period (130 - 140 percent. of norm) s

Soil conditions in 19L1l - L9 were favoruble for infiltratian.
In 19L2 a considerable number of arable lands were removed from
field crop rotetion and put to use as natursl pasture lands for
cattle grazing. In accordance with V. R. Vil'yams ideas, there
was also a replacement of cultivated plants with wild ones-- a
substitution by no means accidental -- and an absolutely regular
development of weed and grass fallows, characterized by deep
changes in the structure of the soil covering favorable to increasing

infiltration. fart of these lands were then once more put to use
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in field crop r-tation and other sections removed. In this way
there was furtheﬁimprovenent of the structure of the soil on
large areas of arable lands. These improvements have continued

5 to have favorable ef'fects right up to the present time.

Our investigations of underground feeding of small rivers
;gveshown thut in most cases they are fed in the midsummer
period by the uprer water bearing table and that the feeding
rexion coincides with the drainage regione Feeding from the water-
bearing tables takes place simultaneously along 2 considerable ex~
tent of the nidstreams [mezhdurechue} when the scring snows thaw.
The water-bearing tables discharse and drain only along the boun-
daries of the river system. As a result there is at the same time
an increase in the reserves of ground waters, and the underground
feeding into the rivers, which was observed in 1941 and 19uk,

cormences (Fig 1 and 2).

The discharge of the ground waters is at first most in-
tensive in the river bed region; then the watersheds begin to take
part in feeding the rivers. The process of draining takes place
slowly because of the low speed of ground water circulgtion. There-
fore,the midsummer discharges are not essentially influenced by
particular meteorologically unfavorable years. Only for regions
in which the feeding areas and the discharging area of the water- 1

f supplying tables do not coincide is the opinion held by B. V. Polyako(5) ;
and As N. Semikhatov juste They pelieve in therossible decrease ! E -
of underground fecding in the first year in which asrotechnical mea=

sures were used, field grass crop rotation introduced, and timber ;

o e S T

IR

belts planted.

o

i
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In connection with this there arises the question of the
[
nature of the fgllowing years which were characterized by low
water supply. Let us look over the e teorological data for 1931 -

1940 (Table L).

[See Table L, next page]

The meteorological conditions over this 10-year periocd were
unfavorable for the formation of widsum.er diss{ﬁarges, which had been
unusual for the past 10 years. They coincided in time with as many
unfavorable soil conditions, and the two together explain the low
water suj«ly to rivers during the midsummer period. Since iden=
tical conditions cennot repeat in the future, these conditions
provide no basis in water power computations for computing the dis-

charses of water for 1931 - 1940.

After the considerable exhaustion of the we ter=bearing
table observed in 1931 = LO, meteorological and soil conditions
in the nextl0 years (191 - 1949) approached the thorm'. The
mean discharges of water for this period should be used as a basis
for hydrological computations in planning GES, because they rep-= ‘
resent a probable mean progreusive ma.gnitude (8) of river dis-

charges in the past years. 1

Tn the future the development of soil formation processes“
will receive more guidance through the complex measure s under=
taken in conuection with Stalin Plan for the Transformation of
Nature. The creation of timber helts, the introduction of grass

crop rotation, and the building of ponds and reservoirs will in

- 10 -
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TABLE L

SES FOR THE ENTIRE PERIOD
IN FARCENT) FROM THE MEAN MAGNITUDES FOR THE NTIRE P
A0 TORS (IN FRRLLS 3 A

: » VARTATIONS IN ME BORCLOGICAL Fi ) |
ota. Precipitation otal Iemperat\n e 'x‘iydro+‘nerm c Thickness Mean Temperatures |
S e - ‘ ’2
Entire ‘ Coefficient for of of air for ’5
= % g e e v O v ) v J August 2
| 23 £ G 3y june _and |
“‘ T tive sitive June and August Snow_Love z
iinte: Sprin Summer Autumn Negatl i3 A ¥ |
Period Year Win g |

| 9
100 5 |
» 106 102 !
11 |
. 1’900 9 89 89 105 102 3 A
112 102 - |
10 97 108 i
9 100 107 9y 105 85 3 9 |
‘ 9 5 & 9l 9 6 6 i
1910 (’
\ ' (i 122 3 |
ot L { |
122 9 9 10 i
! 1920 10 9 |
| 2 (
110 |
o 9 |
’ 106 112 86 8 12 86 9 9 9 %

1930 9 9 9 2

106 ’
> 66 |
8 2 10! 8 5
78 10L 5 7 |
190 86 79 9 9 |
101 |
8 !
124 |
3 ‘6 05 95 |
19L9 105 87 118 2 g 7 2
§
i
!
]

i
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the next few years create conditions favoreble to ipfiltration by
surface walers, and ultimately to increased moisture turnover in
the atmosphere. The irrigation of land massifs in the southeast

USSR wisl also help increaseé moisture turnovers

Undoubtedly, the river discharges during the midsummer per-=

icd wiil increase.

In the near future the mean discharges of rivers will
even gppear somewhat lowered, if we accept them as identical with

the actual discharges in 19L41-L9.

] In the cese of individual rivers the amnount of water-
supply will be conditioned by local physico-geog{ra,phical peculi-
arities in the rormation and draining of underground waters in their

i basins (tables 1 and 5)

Considerable surface slope, the great density of the river
and ravine network, structureless podzol soil with underlying
‘ clays and argillaceous soils previously predominated in the
Kazanka River basin. All this creates favorable conditions for an 1
‘ increase of surface flow and a decrease of infiltration. The high :
moduli for the midswmer discharges are explained by local dis-

charge of head walers forming behind the boundaries of the basin (3).

The 1k River basin, on the other hand, is predominar‘ﬁ com=
posed of permeable, thin layers of cherrozem so0ils with under-
lying crumbling marls rrom the Tatar stage. Thanks to this, a large
part of the atmospheric precipitation infiltrates, and the river

ne twork during the midsummer is fed by local discharge waters from

- - ‘kg 4

i
Vi )
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the upper water-bearing table, whose discharge is subject to wide
variations. The influence of the soil factor and the porous
underlying layers is so great that despite the many slopes the
surface flow is small, This explains, too, the negligible de=-

velopment of the ravine network.

In the Bol'shoy Cheremshan basin the conditions for the in-
filtration of atmospheric precipitation are also favorable. Almost
all the podzol soils are found under forest massifs. Very slight
sloping of the ground surface and poor development of the river and
ravine network predominate. The Sviyaga River basin has the same
conditions. Both basins are characterized by a thin layer of
spring discharge; this is explained by the very great losses of the
thaw dischar e throush infiliration. The preat difference between
the moduli of the midswm.er cischerges of water in these basins \
and their individual variability (Table 1) is explained by the
drainege conditions of the underground waters, the differing ]
depths of the val.eys shaped by erosion, and the nature of the

incline of the water-bearing table with respect to the river beds.

The river network of the Sviyaga River drains almost all the
underground waters in the region above Vyrypayevka. Although the
general incline of the water-bearing table has a direction opposite
to the progression of the river network, the many local elevations

create conditions favorable to draining.

[See next page for Table 5]

The river system of the Boltshey Chermshan is located on a

- 12 -
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‘ 1
E :
o~
- & |
TABLE 5 5 % E
H
i 3 g = © !
i i Nature of the River Basins 4 2 E
Basic Factors in the Na : g)c?é 3 |
a 5
SESE % :
Distribution of Slopes 8§95 Bo% ’;’
Basin under Coefficient of stribu EEt B 5 |
Area of the bas - N . L : il |
ffe t Soils, in Density of Net- of Grcund Surface bl 53 Z 5 |
Differen N - : : ' |
uri g land in Do ¢ 1
P, nt Work KX 100 Percentage 50\0\ § % |
M in, erce! ) » 35 : |
. ) Podzoli* Rive: To 0.03 0.03 - 0.06 Percentage®¥ C
i Chernozem* odzolik River | |
Station |
Ol iy |
8 2h 3
57 30 2 6 90 |
Melekess |
pps 195 30 |
4 8 22 }
66 17 18 19 &9 > ) |
o ] 66 32 11 2 (¢o]
i Bolshaya Derbyshka -= 90 31 uly )
236
23 12
N; bak 87 13 3L 6 59
2goy!
183 60
22 36
! d 96 Lo € 7
Lake Lebedinoye --

i M, Zinov'yeva
* Determined by Ye. . o
N. Petrov for all the rivers in Tatar ASSR.

5 x% Determined by Ye. M. Zinov'yeva and G.
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| relatively steep monocline and the cut of the valley by crosion is
not very deep. The direct on of the river network and the water-
bearing table is the sane. This 1 eads us to the conclusion that

i large masses of underground waters are not drained by the local

river network, but are led off beyond its basin.

§
E
j
|
1

The data set down here explain the reason for the change in
Lhe water supply of rivers and show thatone cannot judge tre
water supely and 1ts variations in other rivers on the basis of

data from one rivers.

CONCLUSICNS

1. The mean discharges of rivers for engineering—hydrological
planning of small GEs cannt be determned by using all available

hydrone tric observations for individual seasons or for the entire

year's cycle based on a given percentage of supply. Computation done
in this man er would result in a false quantity nélsuitable for the

needs of the national econom*.

2. Of the many available observations, only those should be
chosen which closely approximate the changing meteorological and
soil conditions in the formation of midsummer discharges at the tine

when these hydrological installations will operate.

3, TFor the small rivers of Tatar ASSR and adjoining terri-
tories, the mean midsummer discharges of water for the period from
1941 - L9 are more accurate then the mean progressive water .cycle i

quantities established with the realization of the S+g1in Plan for

- 13 -
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the Transformation of Nature.

L. The midsummer discharges of rivers for 1932 ~ 1940,
which are not characteristic of iut.re meteorological and soil con-
ditions shotlé not be taren into account when planning for hydro-

logical enrineering insta.lations from hydrological point ol view.

S. The determ nation of the coefficients of variation and
asynmetry of all the many available observations is of no practical
interest. Extrene valuesyﬁater discharges should be determined irom
an analysis of the possible change in the vhysical=-geogra:i:hical con-
ditions in the formation of undersround fecding. These meanings
should be determined on the basis of hydrological-hydronetrical
investigatiion by the hydrological photography melhod (3,4) and not

by the method of nathematical statistics which resuits in ab=-

stract, sactually unfounded amounts.

6. Many, many hydrometric observations are necesssry for
the correct cholce and evalustion of charucteristic periods, because
"true science, based on a study of the essential qualities of pro=-
cesses, turns to the past only for tne purpose of studying the de-

velopnent of the process in its historical persbﬁctive”. (Vil'yams)
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APPENDIX Eee (.m?;::, I &ur {therm.DPrwn‘i‘"c:(

Lake Lebedinoye Station

Izh River

Nogaybak Station

Ik River

Vyrypayevka Station  Sviyaga River

Figure 1. Variation in the mean Monthly Discharge of Rivers

Figure 2. Chanse in the Water-supplying cepacity of rivers

depending on mete orologicsl factors.

A - Kazanka River, Bol'shaya Derbyshki Station, Arsk Meteor-
ologlcal Station; B = Ik River, Nogaybak Station, Bugul'ma
Meteorological Station; C - Sviyaga River, Vyrypayevka Station,
Ul'yanovsk Meteorological Station. a - modulus of discharge for 1
August in liters per second per square kilometer; b - modulus
1 of discharge for Jamuary in liters per second per square kilometer;
¢ - hydrothermic coefficient for June-August; d - total annual
precipitation in millimeters; e = thickness of snow cover in
centimeters; f = variation in water level of hole at watershed;

g = variation in watershed of Lake Kondry-Kul', according to
data from water-measuring station (broken line =- according to

information from inhabitants).
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